Abstract
physical disturbance could trigger the blooms, and whether the established blooms could be used The water enters the lagoon from the right and exits to the sea through a channel marked outlet. B. View of 100 a LEMON (Long-term Environmental MONitoring) sampling device during sample collection on time 101 point 3; 5 days post-disturbance. C. Schematic of the LEMON. 102 103 in the decaying organic matter, and monitored the microbial community response and population 105 dynamics, as well as investigated ecological niches of the key populations. Based on the above 106 described observations of thick layers of decaying organic matter and naturally occurring, rapid 107 blooms of phototrophs, we hypothesized that i) the disturbance would release sulfide from the 108 sediment and cause a sulfide-driven phototrophic bloom ii) due to its rapid development the 109 bloom would likely be dominated by very few populations and iii) steep physicochemical 110 gradients would establish that create (transient) anoxic habitats in the water column analogous to 111 blooms in stratified lakes. We discuss the resulting reproducible ecological succession and 112 provide insights into the habitats, niches and coexistence of phototrophic microorganisms. Our 113 findings contribute to the understanding of the ecological processes and dynamics that shape 114 phototrophic blooms, which are a naturally occurring phenomenon in many ecosystems.
115

Results
116
This study was designed to investigate microbial community assembly, community turnover and 117 syntrophic interactions in a sulfide-driven phototrophic bloom. To gain insights into the 118 microorganisms niches and potential key metabolisms we studied the physicochemistry of the 119 water column and the diversity of photopigments, and performed amplicon and metagenomic 120 sequencing.
121
Physicochemistry of the water column
122
At the first sampling time point (2 days post-disturbance), no difference in color was observed in 123 the water column. Two days later, a faint pink layer was observed in the water column, and faint 124 shades of yellow appeared in samples from the 25 cm depth ( Figure S2 , Supplementing Results).
125
The yellow color of the suspension was most intense from timepoint 4 to 7 and had almost 126 disappeared by timepoint 8. Within the first three days of the experiment the pH decreased 127 between one and two units in all layers, with lowest values present in the deepest layer ( Figure   128 2). Over the 15-day sampling period, pH showed more variation in the two upper layers than in (Table S4 ). (Table S5) . None of the spacers were shared by the closest reference of the bloom ( Figure S9B ) likely producing sulfide using either hydrogen or organic acids, e.g. 
344
Assembly and coexistence of phototrophic microorganisms
345
The multispecies phototrophic bloom (fondly termed "microbial lemonade", Figure 1C ) formed 346 around two to four days post-disturbance and was fully established by day six. The bloom 347 contained lineages from multiple phyla but was dominated by green and purple sulfur bacteria.
348
The color of the bloom slightly shifted from yellow-white at early timepoints to yellow-orange at 
Conclusions
439
In this study, we investigated phototrophic blooms that naturally occur in a brackish estuarine We used custom-made sampling poles for long-term environmental monitoring of the water 459 column without disturbing the established gradients (LEMON; Figure 1B, C) . The sampling 460 poles were placed in three replicate depressions (A-hole, E-hole, and K-hole) that we dug into 461 the thick layers of decaying organic matter ( Figure 1A) . In each of sites, a sampling pole was 462 placed such that the inlets sampled water at 5 cm, 10 cm, 25 cm, and 35 cm depth below the 463 surface ( Figure 1B, C) . Sampling poles were set up one day after the holes were dug out and 464 sampling began one day after set up (two days post disturbance), to allow disturbed sediment to 465 settle. Samples were collected over a 15-day period during July-August 2015. For each sample, 466 the first 5 ml were discarded, followed by collection of 100 ml of water in several sterile tubes 467 for further analyses. The tubes were transported on ice to the laboratory and stored at 4˚C. All 468 sample collections were carried out between 4 pm and 6 pm.
469
Enrichment cultures
470
To enrich for GSB we used a defined saltwater medium (400g/l NaCl, 60g/l MgCl2*6H2O, 3g/l 471 CaCl2*2H2O, 10g/l KCl) buffered at pH 7.2 with 5 mM MOPS. The medium contained 5 mM 
Physicochemical Measurements
484
In-situ measurements of pH, temperature, dissolved oxygen, oxidation reduction potential 485 (ORP), and ion selective electrode (ISE) were carried out with a multi-parameter probe equipped 486 with a quarto probe (YSI Professional Series Model Pro). The probe was calibrated for pH with 487 4, 7, and 10 buffers and for dissolved oxygen using oxygen-saturated water and an anoxic 488 solution of sodium ascorbate and sodium hydroxide. After each sample collection the probe was 489 lowered into the water to each depth per site and after probe readings stabilized, the parameters 490 were recorded.
491
To measure biomass and pigment spectra, up to 10 ml of the collected sample was filtered 
498
After sterile filtration, the filtrate was used to measure anion, cation, and organic acid 499 concentrations using an ion chromatographer. The ion concentrations of samples were measured 500 by diluting filtrate 1:10 with Millipore water to a total volume of 2 ml. The diluted samples were 501 measured in triplicate using a ThermoFisher/Dionex ICS2100 equipped with an AS18 column 502 using a 13 minute, 33 mM NaOH isocratic program to measure anions and a CS12A column All samples were incubated for 15 min and a filtrates Absorbances were read in triplicate at 560 515 nm using a Promega plate reader. Ferrous ammonium sulfate was used as standard. We prepared 16S rRNA gene amplicon library using V4-V5 fusion primers as previously 
538
The DNA from the depth of 25 cm from timepoint 7 from the three replicates, as well as from a 539 phototrophic enrichment were used to generate whole-genome shotgun metagenomic library.
540
The DNA was sheared using Covaris sonicator, size selected for 500-600bp using Pippin prep, 541 and cleaned using Agencourt Ampure XP clean beads. The cleaned DNA was analyzed using
542
Bioanalyzer DNA1000 chip and used to prepare metagenomic library using Nugen Ovation for the forward and reverse reads was generated using learnErrors function and then used to 554 merge the forward and reverse reads using the mergePairs function. The merged reads were used 555 to generate the amplicon sequence variants using makeSequenceTable function, which was then 556 filtered for chimeras using removeBimeraDenovo function. The amplicon sequence variants 557 were assigned taxonomy in DADA2 using Silva 
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